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1. INTRODUCTION
This paper aims at applying a Kaldorian type model to the Japanese business cycle. The
model is a version of Kaldor (195556) developed in Iyoda (1997) to explain the changes in the
macro-economic variables associated with the business cycle. These are ; the labour share, the
profit rate, labour productivity and the real wage rate.
The paper is organized as follows. The second section reviews and develops the Kaldor
model in the context of underemployment. The main hypothesis is presented in terms of the
explanation of certain stylized facts. The third section presents an empirical version of the
model based on parameter calibration and loose estimation. Then we test if the empirical mod-
el is ‘data consistent’ meaning does it track the past. Finally, we use a simulation method to
test the theoretical properties of the model, and assess its performance in relation to the styl-
ized facts.
2. KALDORIAN MODEL: AN APPLIED MODEL
2.1. Introduction
Kaldor’s original model of income distribution is expressed as :
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where P is profits, Y is output, and I is investment. Given the wage-earners’ () and the capi-
talists’ () propensities to save, the share of profits in income () depends simply on the
ratio of investment to output (). Kaldor assumes the ‘Keynesian’ hypothesis that invest-
ment, or rather, the ratio of investment to output, can be treated as an independent variable,
invariant with respect to changes in the two savings propensities  and .
The model has a solution under full employment. However, output  is not given in an
under-employment economy. Even if investment is treated as an independent variable under
this economy,  cannot be an independent variable. The model is incomplete, for it has two
unknowns ( and ).
The primary aim of Kaldor’s original model was to explain the relative stability of the dis-
tributive shares in the full employment economy. Hence, the model does not need an equation
that determines the volume of employment or the volume of output in an underemployment
economy. Establishing a model of income distribution in that economy is needed to explain the
change of the distributive shares and some other related variables in the various phases of the
business cycle.
One of the ways taken by some Keynesians1) to complete the model is to introduce ‘the first
postulate of the classical theory of employment,’ (Keynes, 1936, p. 5) which means that the wage
rate is determined by the marginal productivity of labour. However, this is not in the spirit of
Kaldor (195556). In keeping with Kaldor’s approach we introduce an equation in which the
volume of the labour force employed is determined by the volume of investment. We might
call this an ‘employment decision’ approach, and present an applied model based on it.2)
2.2. Stylized Facts, Assumptions, and Notations
Stylized facts Iyoda (1997) estimates macro-economic variables in three countries: the UK, the
USA, and Japan. The following five stylized facts are established :
First, there is no common feature on whether the labour share moves counter cyclically or
procyclically in the business cycle. However, the labour share increases in the first year of
contraction and decreases in the first year of expansion, though there are some exceptions.3)
Second, the profit rate moves procyclically to the business cycle. However, the cyclical
change of the profit rate does not always coincide with the trough or peak years in the busi-
ness cycle.
Third, labour productivity moves procyclically. In particular, a symmetrical change in pro-
ductivity growth in the phase of the business cycle is observed: Productivity (the labour pro-
ductivity per person employed) sharply increases in the first year of expansion in terms of the
growth rate, and decreases in the first year of contraction.
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1) Sen (1963) makes not only fine development in this direction but also an interesting comparison be-
tween Neo-classical and Neo-Keynesian theories of distribution.
2) Iyoda (1997) also presents another type of Kaldorian model by introducing a mark-up equation, which
might be called as a ‘mark-up pricing’ approach.
3) This pattern is strongly supported by the longer observation (Iyoda, 1987) for Japan (19551985) and
(Iyoda, 1985) for the U. K. (19551982), respectively.
Fourth, the real wage rate has no common feature, despite the fact that its symmetrical
change in the phase of the business cycle is clear in the USA.4)
Lastly, the two measures of labour shares (with and without Labour Income from Self-
employment (LIS)) are almost parallel except for Japan and their movements are also similar,
though they move differently for some years. These similar movements hold true of the two
kinds of estimate of the real wage rate (between the estimates with and without LIS).5)
Assumptions and notations Taking some stylized facts into consideration, we make the fol-
lowing assumptions :
i. A closed private economy.
ii. One product (or an aggregate product based on National Income).
iii. The amount of capital stock and the number of labour force are given in the short run.
iv. The increase of investment has the effect of increasing the number of labour force em-
ployed in an underemployment economy, and vice versa for a decrease of investment.
v. The increase of investment causes the growth of labour productivity in an underemploy-
ment economy, and vice versa for a decrease of investment.6)
We will mainly use the same notations as Kaldor. However, we will refer to variables in
both nominal and gross terms. This is because, first for nominal terms, we do not take ‘the clas-
sical dichotomy’ (Patinkin, 1956),7) aiming at dealing with the effect of the money wage rate
on other macroeconomic variables. Second for gross terms, an estimation of depreciation, un-
der the economy of high technical progress and rapid inflation, is difficult, which means that
an accurate division of gross profits between depreciation and net profits is difficult to ascer-
tain. Third also for the gross terms, at the corporate level, the replacement is usually combined
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4) Dore (1993, pp. 1921) presents 10 stylized facts for twentieth-century business cycles, especially those
observed in market economies after World War II. His stylized facts regarding productivity and profits
as follows mostly correspond with our stylized facts : ‘(6) a procyclical relationship between productivity
and output,’ and ‘(7) the general procyclical nature of profits.’ However, his stylized fact that ‘(3)
procyclical real wages indicating that the wage share out of national income is also procyclical’ is argu-
able.
Real wages are procyclical in the USA. However, for the UK, it is hard to believe to see procyclical
real wages. For Japan, the results are in between the USA and the UK. The estimate calculated by
 	
	
	
	
		
is more similar to that of USA, but the growth rate is stable in the 1980s. For further details, see Iyoda
(1997, Ch. 2, Figs. 2. 11, 2. 12, & 2. 13, and table 2. 3).
For a further argument on the real wages, see Iyoda (1997, Ch. 2, n. 26) where he discusses by quoting
Dore (1993), Iyoda (1980a, 1980b), and Greenwald and Stiglitz (1988).
5) Iyoda tries to explain these facts by his two types of Kaldorian model, finding an interpretative value
of both types. On the other hand, the New Keynesian model and the Real Business Cycle models are
weak in explaining these facts. These models are less concerned about explaining stylized facts in the
business cycle and have difficulty in explaining the change of variables in the labour market, particular-
ly the relative share of labour and productivity (See Iyoda (1997), Chs. 4 and 5 for the details).
6) Our assumptions iv and v are supported by some of Dore’s stylized facts in the business cycle (1993,
pp. 2022). Assumption iv has a close relationship to ‘procyclical nature of investment’ and an ‘anticy-
clical unemployment rate.’ It is possible to derive this assumption from these two stylized facts. As-
sumption v corresponds to a ‘procyclical relationship between labour productivity and output,’ and
‘procyclical nature of investment.’
7) For an argument on this matter, see Mankiw(1989) ; Iyoda(1997, Ch. 5, The Classical Dichotomy (p. 114)).
with new investment and the prices of capital goods are subject to changes.
＝Output ＝Wages
＝Profits ＝Investment
＝Savings ＝Depreciation
＝Labour Force Employed 	＝Value of Capital

＝Money Wage Rate 
＝Real Wage Rate
＝Labour Productivity per Head ＝Price Level
& ＝Propensity to Save from Profits & Wages (& Salaries), respectively
Subscripts & ＝Full Employment of Capital and Full Employment of the Labour Force,
respectively (For example,  denotes the number of labour force employed under full em-
ployment of capital ;  the number of labour force fully employed).
2.3. The Model
To complete the model we introduce an equation that relates the volume of employment to
that of investment. This corresponds to assumption iv above. We also introduce an equation
based on assumption v that an increase in employment results in growth in labour productivity
in an underemployment economy, and a decrease in investment results in a reverse case. The
equation takes into consideration the facts that the productivity shows a sharp increase in the
first year of expansion, and a relative decrease (or a negative growth) in the first year of con-
traction.
The model consists of the following equations :
(1)  Distribution of Output
(2)  Savings-Investment Equilibrium
(3)  Total Savings
(4)  Employment-Investment Function
(5)  Productivity-Employment Function
(6)  Total Output
(7) 
 Wages Paid
Equations (1)(3) are identities that are the same as those in Kaldor (we also assume simple
saving functions &). Equations (6)(7) are identities.
Equations (4) and (5) need further explanation. In equation (4), the number of labour force is
shown as a function of investment. means the amount of investment that sustains the pres-
ent number of labour employed. This would be greater than depreciation due to technical prog-
ress. Apart from technical progress,  equals the amount of  under a simple reproduction
that we call a stationary state. * denotes the number of labour force employed in the case of
.
If an actual investment is larger than , the volume of employment grows. If, on the con-
trary, the actual investment is smaller than , the volume of employment decreases. This rela-
tionship is stated in the following way.
*  ,
  ,
where 	

, and 	

.
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Equation (5) is based on assumption v. In an underemployment economy, the increase of em-
ployment causes the growth of labour productivity until the full employment of capital,8) and
the decrease of employment causes negative or slow growth in productivity. However, it is not
necessary to consider literally full employment of capital in physical terms. We consider this a
normal operation rate of capital (or as the turning point below which the result would be a de-
crease of labour productivity). Considering technical progress, an absolute decrease in μ would
be alleviated and then its growth would slow or decrease.
Then we have
 
where 	 for 

,
(without technical progress) for , and
or 
(with technical progress) for 
.
We now examine a model consisting of equations (1)(7). Suppose that Kaldor’ s treatment
(i. e. the Keynesian hypothesis), I as an independent variable is accepted, and the other 9 varia-
bles shown below are given, the number of unknown variables is equal to 7. We then have 7
equations, so that the model has a solution. The relationship is articulated as follows :
1 Independent Variable 
9 Given Variables 	
, 	, , , , , , & 
7 Unknown Variables , , , , , & 
7 Equations (including identities) (1)(7)
This model has a similarity to Kaldor’s. By using equations (1)(3), we have Kaldor’s equa-
tion to explain the relative share of property, :


		





	

		


However, this model is different in the following two points : () Variables are expressed in
both nominal and gross terms ; () Supposing an underemployment economy, two functions (4)
and (5) are added to complete the model.
3. MODEL CALIBRATION AND DATA CONSICTENCY
3.1. Empirical Model
The model is composed of 7 equations, among which three unknown variables ,  and 
are obtained as a time series sample from the National Accounts. By imputation of the self-
employed income between wages and profits, we have Labour Income from the Self-employed
(). Then we have  (＝ (Income from Employment)＋), and as a residual ().
Productivity, , is calculated by ＝ (where  is obtained from the Labourforce Survey).
Independent variable, , is also obtained from the National Accounts.
Our final task is to get 9 given variables (	
, 	, , , , , , * & ). First, we obtain two
propensities to save, 	
 and 	. The first term, 	
, is calculated as the average of Net Savings
as a proportion of Disposable Income on worker’s household. The next term, 	, is gained by
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8) We observe in an actual economy, that the workforce employed increases until the peak of the busi-
ness cycle and that productivity also grows until that time (see Iyoda, 1997, Ch. 2, Figs. 2. 8a, 2. 9a & 2.
10a).
(	
) divided by ().9) Second, we empirically define in re-
lation to Net Fixed Capital Stock (), Increase in Stocks (), and Net External Assets ().
*	
(, and denote average rates of growth in per capita ,  and , respectively.10)  is
the rate of Depreciation (), which is defined as 	＝Implicit Price Deflator of ).
The value of in equation (4) is obtained by linear regression.11)
(4a)  *
( ＝Gross Investment including External Surplus at Constant Prices).
Third, equation (5) was difficult to have a good fitted value by simple regression due to the
difference in dimension between !and L--productivity is expressed in terms of "# ", but
the workforce in employment in terms of $%. We propose the following adjusted form
(&!) ;
&!&!!&	 !
(!＝average rate of growth in !, 0.03221802 for 197093). Estimating equation (5), we obtain-
ed the value of  , and 'to be (0.2708), (0.000145), respectively.12)
(5a) !!&	 !	
(where *).
Lastly, the money wage rate, (%, is defined as average earnings obtained as 	. We now
have all nine given variables and have equations (1)(3), (4a), (5a), and (6)(7):
(1) )

(2) 

(3) 
"
(4a)  *
(5a) !!&	 !	
(6) )
!
(7) 
(%
We treat, , at current prices and  at constant prices, both of which are given as
exogenous. Gross Domestic Fixed Capital Formation () at constant prices is obtained by de-
ducting the external surplus and stock increase (including stock appreciation) from  . We have :
(8)   *+
where *+ is the Stock Increase and External Surplus, and  is  at constant prices. Net fixed
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9) denotes (Stock Valuation Adjustment － Statistical Discrepancies). For the " estimate we adjust
 for this factor that, we consider, might have caused some bias on the profit side ; in particu-
lar for the years that these figures are enormous under the high rate of inflation in Japan. The same is
true of later equation (11). See Iyoda (1987) for an argument on this matter and a revised estimate of the
labour share.
10) ,  and  are all at year-end value, first two of which are deducted by reconciliation account
(revaluation due to price changes,  .), respectively. ＝0.05017657, ＝0.04045917, and ＝0.3080301
for 197093.  is calculated excluding an extraordinary value (0.3418325) in 1973 ; excluding 0.3614358
in 1974.
11) We had greatly significant results : -value of is 11.36 and ,-squared is 0.9960.
12) The estimated equation is ;
&!＝.2708＋.000145 ,-＝.4001
(10.48) (3.96) ＝1.8449
for sample period 19711993, ‘’ values in parenthesis.
capital stock, , is obtained as follows :
(9) 
where ＝Reconciliation Account of , and ＝ Implicit Price Deflator of . We have
already specified as
(10) *	
	
.
To this we add three identities for analytical purposes: Relative Share of Labour (), Profit
Rate (), and Real Wage Rate ().
(11) 

(12) 

(13) 

(＝Indirect Taxes less Subsidies). Thus we have an empirical model that consists of 13 equa-
tions ((1)(13)).
3.2. Data Consistency
The empirical model consists of 13 equations. Table one shows the results of a tracking ex-
ercise in terms of error statistics. To test the accuracy, we take : the Mean Percentage Error
(％), the Mean Absolute Percentage Error (％), the Root-Mean-Squared Percentage Er-
ror (％), the Correlation Coefficient () and Theil’s Inequality Coefficient (1966)().
 (Output),  (Wages),  (Workforce in Employment), and (Productivity) are all greatly
significant in our error statistics, which means ‘data consistent.’ Results of the remaining vari-
ables are also fairly good, but we need some explanation.
, (Profits) and (Price) are overpredicted, and this overpredicted causes over-prediction
of the profit rate, . On the other hand, overpredicted  and  cause under-prediction of the
real wage rate () and the relative share of labour (), respectively. ％ and ％ of
both  and are relatively high. However, if we look at actual and predicted series, there are
a couple of years whose residuals are extremely high. Compared with ％ (3.0) of , these
residuals are －13.4 (1973), －11.5 (1974), －7.7 (1979) and －6.3 (1980). The same is true of 
for these four years (－14.5, －12.4, －8.7 and －7.1) compared with the ％ (3.4) (Figure
1). These years overlap high rate of inflation periods caused by oil shocks. The fitting is far
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Table 1. Tracking Evidence：Error Statistics 19711993
Variables         
％ 
％ 
％ 
!

-0.6
1.2
1.8
0.9995
0.0015
0.0
0.4
0.5
0.9999
0.0004
-1.6
3.0
4.6
0.9971
0.0040
0.0
0.4
0.5
0.9978
0.0004
0.0
0.9
1.1
0.9988
0.0103
-1.6
1.7
2.2
0.9968
0.0709
0.6
1.7
2.2
0.9938
0.0195
0.6
1.2
1.9
0.9376
0.0181
-2.0
3.4
5.7
0.9852
0.0646
 These are approximate values of the mean percentage error (％), the mean absolute percentage error
(％), and the root-mean-square percentage error (％). We have scaled the respective error statistics
by the mean value of the dependent variable and raised it to a percentage value. (Actual－Fitted＝Residual.)
!  is the correlation coefficient.
 The inequality coefficient of Theil (1966)("), is defined by
"
#$%&%


#$%

where  is an actual value, & is a forecast (predicted) value, % refers to changes, and # is the number of periods.
See Armstrong (1985, pp. 3489) for an argument on this matter.
better except for these periods.
Despite these extreme effects on the error statistics, our descriptive statistics show that the
model is able to track the past with some success.13) In the following section, we conduct simu-
lation as an additional test of the model.
4. SIMULATION
We treat the base value of  as its beginning of simulated period lag. That is
(14) 
where  is an actual error.14) A simulation is carried out with the actual errors implied by the
above equation and the simulated business cycle is derived.
Some simulated results are shown in Figures 2, 3, and 4. Figure 2 shows the relationship be-
tween the simulated business cycle, and the rate of productivity growth and the rate of growth
of the labour share. From this, first, we find there is a positive correlation between  and 
where peaks and troughs coincide with each other. These variables show procyclical move-
ments. Secondly, the simulated labour share, 	, does not show a regular movement regarding
procyclical or counter cyclical. However, this share increases in the first contraction year and
decreases in the first expansion year, though two first expansion years 11 and 15 are ambigu-
ous. These values are affected by the property of the base year (mind that the simulated
growth of the labour share shows the difference from the base). Thirdly, productivity shows
the procyclical movement. From this property, we derive a symmetrical change in productivity
growth : a year on year change in productivity growth is negative in the first contraction year
and positive in the first expansion year.
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13) This good tracking, to some extent, relates to our treatment of and , both of which are given. For
the implicit price deflator of investment obtained from both as  was largely different in Japan. This
may be one of the points for further improvement of the model.
14) We find strong evidence that  has a unit-root.
From Figure 3 we observe the relationship between the simulated output and the simulated
profit. These move procyclically, though their peaks and troughs do not always coincide with
each other. Figure 4 shows that the pattern of the simulated real wage growth is similar to
that of the labour share. For the real wage growth we can not find any pattern in relation to
the peaks and troughs, but there seems to be a symmetrical change between the first years of
contraction and expansion that is observed in the labour share. This similarity may be due to
the fact that the money wage rate is here deflated by the general price, (＝). If we use
consumer price indexes () instead of , the result of the real wage rate would not be the
same.15) Iyoda (1997) used in the real wage estimation.
By the simulation method, we have tried to assess the properties of the model in relation to
the stylized facts. However, we should consider a number of factors that condition our inter-
pretation. Our stylized facts are obtained by the observation of the facts of the three countries
(the USA, the UK and Japan) during the period for 197092. It is natural that the fitting degree
is not always the same among these three countries. In this respect, we should mind two things
about the Japanese economy. First, our observation includes the years of early 1970s during
which the Japanese economy had a great structural change. This is one of the reasons for the
poor tracking of this model in this period (see Figure 1). Second, since 1975 productivity growth
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15) The difference between these two kinds of real wage growth is (where  refers to the
growth rate). This is explained as follows. The labour share is defined by
	

From this, we have
	
Then, we have after some arrangements,
(1)  	 for  
(2) 	 for 
Deducting (2) from (1), we have 
in Japan was more stable than that of both the USA and the UK. This is also one of the rea-
sons that the model follows the symmetrical change in productivity growth but it is somewhat
weak.
5. CONCLUSION
This paper has tested a Kaldorian model developed in Iyoda (1997). It presented an empirical
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version of the model based on parameter calibration and loose estimation.
The model was applied to the Japanese economy for 197193 and tested for data consisten-
cy. Despite the fact that this period includes the years of early 1970s during which the Japa-
nese economy had a great structural change, the results are fairly good.
The properties of the model were obtained by simulation. It turned out that the model showed
a similar performance to the stylized facts of the labour share, the profit rate, productivity
and, to lesser extent, the real wage rate. First, the movement of the labour share in the busi-
ness cycle is neither counter cyclical nor procyclical ; however, the labour share increases in
the first contraction year and decreases in the first expansion year. Second, the profit rate
moves procyclically and the growth rate shows a symmetrical change between the first con-
traction and the first expansion years. Fourth, the real wage rate does not show any regular
movement throughout the business cycle ; however, we see its symmetrical change between the
first contraction and the expansion years, which is similar to that of the labour share. This
similarity may be caused by the general price by which the money wage rate is deflated.
Finally, it may be safe to say that our model tracks the past well and has the possibility to
explain most of the stylized facts which we simulated to assess the properties of the model.
Appendix Data
1. Data Source Abbreviation
AES Annual Report on Economic Statistics, Research and Statistics Department, The Bank of Japan.
AFS Annual Report on the Family Income and Expenditure Survey, Statistics Bureau, Ministry of Public
Management, Home Affairs, Posts and Telecommunications.
ANA Annual Report on National Accounts, Economic and Social Research Institute of Cabinet Office
(ESRICO).
CEFS Comparative Economic and Financial Statistics: Japan and Other Major Countries, Research and Sta-
tistics Department, The Bank of Japan.
DS Datastream.
KH Keizai Hakusho［Economic Survey of Japan], Cabinet Office.
RNA Report on National Accounts from 1955 to 1969, ESRICO.
RRNA Report on Revised National Accounts on the basis of 1980, ESRICO.
2. Data
(1) National Accounts
GNPM (GNP at Market Prices), GNPC (GNP at Constant Prices), I (Gross Investment including External
Surplus at Market Prices),  (at Constant Prices),  (Gross Fixed Capital Formation at Market Prices),
 ( at Constant Prices), (GNP Deflator), and  (Implicit Price Deflator of ):
DS for 1970 (1969)94 (data obtained as of August 1995).
D (Depreciation obtained by  less Net Fixed Capital Formation (NFCF)):
 from DS (see above), and NFCF from Part 2, I. 2 ANA 1993, 1995 for 197093.
T (Indirect Taxes less Subsidies):
Part 1, ［2］ IV. 2 ANA 1995 for 197093.
Adj (Stock Valuation Adjustment and Statistical Discrepancies):
(Stock Valuation Adjustment) Part 4, ［3］T18 (Vol. 2) RRNA (1986) for 197080, and Part 1, ［3］ T18
ANA 1988, 1993, 1995 for 198193.
(Statistical Discrepancies) Part 1,［2］I. 1 (Vol. 1) RRNA (1986) for 197080, and Part 1, ［2］ I. 1 ANA
1988, 1993, 1995 for 198193.
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(2) Stock
 (Net Fixed Capital Stock),  (Reconciliation Account of ),  (Increase in Stocks), and 
(Reconciliation Account of ):
Part 4, I. 13  (1988) for 1969, and Part 2, I. 1-3 ANA 1995 for 197093.
 (Net External Assets):
Reference Data 3, Long Term Economic Statistics (p. 60),  1995 for 196994 (Dollar term is converted
to Yen at year-end rate of exchange).
Year-end rate of exchange from T140, AES 1988 for 19691979 ; T63, CEFS 1985, 1990, 1995 for 198093.
(3) Others
W (Wages), IE (Income from Employment), LIS (Labour Income from the Self-employed), and P (Profits):
Iyoda (1997) Ch. 2, The Labour Share (p. 7) for LIS, W and 	(197092, all at Market Prices) where LIS
is imputed by using an asset basis. These figures are extended to 1993 by the respective recent version
of the data.
The LIS formula is defined as :
LIS＝IS (Income from the Self-employed)－(Profits of Incorporated Enterprises)
×(Gross Capital Stock Ratio of Unincorporated to Incorporated Enterprises).
CPI (Consumer Price Index), and L (Workforce in Employment):
DS for 1970 (1969)94.
Net Savings and Disposable Income for 
:
Major Figures on Family Budget (Workers Household), AFS 1991, 1993 for 197093.
Total Savings for 
:
Total Savings＝I (see above for I).
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